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Des ripUon 

FIELD OF THE INVENTION 

The oresent invention relates to a resin composition having a prolonged shelf-life which is capable of 
nrovSna a cu?ed product having good thermal resistance and good impact strength, and also relates to a 
SS^sVr rprSucSn of thVcomposition. More particularly, the present invenUon re at«s to a^^^^ 
SSSsitton which gives a molded product having both the excellent mechan-ca and tt^^^^^ charactenst.es 
JSZent to an epoj^.resin and the excellent toughness inherent to a thermoplasbc restn. 

BACKGROUND OF THE INVENTION 

Recently a composite in which carbon fibers, aromatic polyamide fibers or *e 'ike are used ^ 
reinfo?c?men; ha^been frequently used as structural materials for aircraft and the like, based on the.r h.gh 

'"^SZT^^^^tTZZtrr.^ resista^e. mechanic^ characteHs«cs. 
cheniSi resistance and weather resistance have been provided by combining aromatic glycidylamine 
eooxy rosins as the matrix resin with a diaminodiphenylsulfone as a cunng agent. 

?Lo^h such composites prepared from epoxy resin-based prepregs show 90od performance, rt has 
been found that they have Inferior toughness and Impact strength because of the short shelf-life of the 
prepreg and the low elongation and. therefore, brittleness of the matnx resin. 

Especially, an improvement of the impact strength of the composite without reducing the thermal 
resistance thereof has been regarded as an important object in the case of the use of such composites as 
primary structural materials in aircraft which are apt to receive impact from the outside, for instance, by 
pebbles bounced up at the time of teke^)ff or landing, from tools dropped by mistake dunng maintenance 

and repair and the like. ^ . ^ . 

In order to increase the high impact strength of a composite, it is important not only to improve tfie 
elongation of a reinforcement such as carbon fibers but also to increase the toughness of a matnx resin. For 
this reason, a number of attempts have been made to improve matrix resins. 

In order to improve the toughness of matrix resins, several methods have been proposed such as a 
method in which an epoxy resin is mixed with a rubber component and a method in which an epoxy resin is 
mixed with a high molecular weight component. When an epoxy resin is mixed with a rubber component, 
the toughness and impact strength of the resulting molded product can be improved, but its thermal 
resistance and mechanical characteristics are reduced. Because of this, the mixing ratio of the rubber 
component is limited, sometimes to a low mixing ratio depending on the use of the product, thus resulting 
in insufficient improvement. ^ 

In order to mix an epoxy resin with a thermoplastic resin as a high molecular weight component, a 
thermoplastic resin is dissolved in the epoxy resin at high temperature, or a thermoplastic resin is dissolved 
in a solvent and then the epoxy resin is added to the solution. When a thermoplastic resin is dissolved in an 
epoxy resin at a high temperature, the viscosity of the resin mixture increases and. at the same time, its 
tackiness decreases, thus resulting in markedly poor handling ability. Mixing of these resins using a solvent 
also has disadvantages such as the problem of removing the solvent after mixing, complex preparation 
steps and a decrease in thermal resistance due to a small amount of remaining solvent. 

As a consequence, conventional resin compositions prepared by mixing an epoxy resin with a small 
amount of a rubber component or a high molecular weight component provide a composite with a poor 
impact strength-improving effect though the decrease in themnal resistance is not so great. 

Other types of resin compositions used as prepregs have been disclosed, for instance. In JP-A-Bl- 
250032. JP-A-62-57417 and JP-A-63-162732 (corresponding to U.S. Patent 5.028.478). in which a thermo- 
plastic resin is dispersed in and mixed with an epoxy resin to improve toughness Ompact strength) of a 
composite, but with insufficient effect In terms of impact strength of the composite. (The term "JP-A" as 
used herein means an "unexamined published Japanese Patent Application".) 

In addition, in these resin compositions, a diaminodiphenylsulfone compound Is used as an epoxy resin- 
curing agent in view of the thermal resistance of the resulting composite. When such a compound is used 
as a curing agent, the resulting resin composition has a short shelf-life of about 2 to 3 weeks at room 
55 temperature (about 23 • C), thus resulting In a handling problem. 

EP-A-0 392 348 discloses a resin composition which comprises an epoxy resin; a thermoplastic resin; 
and particles of a diaminodiphenylsulfone (DDS) compound. 
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CA-A-716 638 discloses a curing agent which can be pre-mixed with polyepoxid s. and wher in the 
mixture can be stor d without curing. The curing agent may b formed of small particles of DDS whose 
reactivity at room t mperatur is inhibited by a hardened protective coating. . , ^ •„ 

Accordingly, this invention contemplates over-coming th abov -m nton d problems involved in the 
5 prior art. 

SUMMARY OF THE INVENTION 

The first object of the present invention is to provide a resin composition which has a prolonged sheK- 
10 life and is capable of providing a composite having excellent thermal resistance and excellent mechanical 
charTcJeristics such as impact strength, toughness and the like, and to provide a process for the production 

''^^The\Tc!^^?S^^ of the present invention is to provide a mixed type resin composition having 
advantages inherent to both of an epoxy resin and a thermoplastic resin and to provide a process for the 

75 production of such a composition. r^,^r^rart 
The third object of the present invention is to provide a resin compositton suitably used as a prepreg 
and to provide a process for the production of such a composition. 
The resin composition of the present invention comprises: 

(A) an epoxy resin. . ^ , . 

(B) a thermoplastic resin selected from the group consisting of polyether imide. polyether sulfone, 
polysulfone, polycarbonate, polyetherether ketone, polyamide. and a mixture of two or more of these; 

and . . 

(C) particles of a diaminodiphenylsulfone compound whose cross-linking reactivity with the epoxy resin is 
prevented until the resin composition is subjected to molding or curing (i) by resin particles adhered on 
the surface of the diaminodiphenylsulfone particles or (ii) by a resin film coated thereon; the resin 
forming said resin particles or resin film being a polyamide. a modified urea resin, a cured melamine 
resin, a polyolefin, a paraffin, a modified paraffin or a mixture of two or more of tfiese. 

The resin composition of the present Invention can be obtained by a metiiod which comprises mixing: 

(A) an epoxy resin. 

(B) a thermoplastic resin selected from the group consisting of polyether imide, polyether suitone. 
polysulfone, polycarbonate, polyetiieretiier ketone, polyamide, and a mixture of two or more of these; 

and . . 

(C) particles of a diaminodiphenylsulfone compound whose cross-linking reactivity with the epoxy resin is 
prevented until the resin composition Is subjected to molding or curing (i) by resin particles adhered on 
ttie surface of ttie diaminodiphenylsulfone particles or (ii) by a resin film coated thereon; the resin 
forming said resin particles or resin film being a polyamide, a modified urea resin, a cured melamine 
resin, a polyolefin, a paraffin, a modified paraffin or a mixture of two or more of tiiese. 

Other objects and advantages of the present invention will be made apparent as tfie description 
progresses. 
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DETAILED DESCRIPTION OF THE INVENTION 


Examples of an epoxy resin which can be used as component (A) In the present invention Include 
glycidylamine epoxy resins, bisphenol epoxy resins, novolak epoxy resins, urethane-modified bisphenol A 
45 epoxy resins, alicyclic epoxy resins, and tiie like. The combined use of these resins with a diaminodiphenyl- 
sulfone compound as a curing agent makes possible the formation of a molded product having high ttiermal 
resistance and excellent mechanical characteristics. 

Specific examples of each type of epoxy resins are recited below: 
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(1) Glycidylamine Epoxy Resin 
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20 (2) Bisphenol Epoxy Resin 
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(3) Novolak Epoxy Resin 

i) Phenol Novolak Epoxy R sin 
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II) Cresol Novolak Epoxy Resin 
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(4) Urethane Modified Epoxy Resin 

Bisphenol A poxy resin modified with urethan at both ends thereof. 



Commercially available epoxy resins are shown below: 

Examples of glycidylamine epoxy resins include MY-720 (Ciba-Geigy Ltd.). Epotohto YH 434 (Tohto 
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Kasei Co Ltd.). Ep. 604 (Yuka Sh II Co. Ltd.). ELM-120 (Sumitomo Ch mica! Co,. Ltd.). ELM-100 

Epik^e 0)7 (Yuka Shell Co.. Ltd.). Epomic R-170 (Mitso! Petrochemical Industn s. Ltd.). EXA 1514 
(Dainippon Ink & Chemicals. Inc.) and the like. p«ii,„4« ico nnri 

Examples of novolak epoxy resins include phenol novolak epoxy resins such as Ep.kote 152 and 
EDikSe^M (Yuka Shell 00^^.). Dow Chemical DEN 431. DEN 485 and DEN 438 (Dow Chem.cal Co.). 
IScSn N 7r(DainSon^nk & Chemicals. Inc.) and the like, and cresol "ovolal. e^>^ 'T^^kZ 
Se ECN 1235. ECN 1273 and ECN 1280 (Ciba-Geigy Ltd.). EOCN 102. EOCN 103 and EOCN 104 

'""ToXtt r^rLZTJ^^^^^^ CY.179. CV-178, CY-182 and CY-m (Ci..-Geigy Ltd.) and the 

^%1r*aS!modif.ed bisphenol A epoxy resins. Adeka Resin EPU^ «,d EPU-4 (^J^ Kogyo 
KK.) and the like are commercially available. When these resins are used, a resin compos^bon having 
^xSllent fleSbi ity and good adhesion to reinforcing fibers can be obtained. In addition, since these resms 
T^ L function of creating a heterogeneous structure of the resin due to their poor compatibility to the 
thermoplastic resin, they can contribute to the improvement of impact strength. 

A reactive diluent may also be incorporated into the resin composition of the present.nvent.on ^ a part 
of component (A), if desired. The amount of the diluent is preferably not more than 10% by weight based 

°" "fo^^tel of mrSSuert include polypropylene diglycol diglycidyl ether. Phenylglycldyl ether or the like. 
Epikote 871 or Epikote 872 (dimer acid modified epoxy resin; Yuka Shell Co.. Ltd.). TACTIX 695 (a mixture 
comprising bisphenol A and brominated bisphenol A; Dow Chemical Co.) or the like may also be added as 
a flexible epoxy resin. Also useful as an additive is a heat resistant epoxy resin such as ^'^"^^^^l^^' 
functional epoxy resin) or Epikote 1032 (hepta-functlonal epoxy resin) (Yuka Shell Co.. Ltd.). TACTIX 74Z 
(tri-functional epoxy resin; Dow Chemical Co.) or the like. 

Typical examples of the thermoplastic resin as component (B) in the present invention include polyether 
imide. polyether sulfone. polysulfone. polycarbonate, polyetherether ketone, polyamide. and the like, of 
which polyether imide. polyether sulfone and polysulfone are particularly preferred because of their 
excellent thermal resistance. 

Specific examples of each type of thermoplastic resins are shown below: 


(1) Polyether Imide 
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(2) Polyether Sulfone 
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(3) Polysulfone 
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(4) Polycarbonate 
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(e.g.. n = 140) 

(5) Polyetherether Ketone 


35 (6) Polyamide 
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45 Wherein R and R' each represents an alkylene or an arylene group, preferably having 1 to 12 and 6 to 12 
carbon atoms, respectively. 

These thermoplastic resins may be used alone or as a mixture of two or more of them, and these resins 
may be In a form of particles from the point of view of preparation of the resin composition of the present 
invention. A preferred size ranging from 1 to 50 um. preferably from 1 to 20 urn. 
60 Component (B) is preferably used in an amount of from 5 to 40 parts by weight, more preferably of 
from 15 to 35 parts by weight per 100 parts by weight of component (A). 

Amounts of component (B) If larger than 40 parts by weight based on 100 parts by weight of an epoxy 
resin as component (A) usually tend to result in a high resin viscosity which leads to difficulty in attaining 
uniform mixing. Amounts of component (B) if smaller than 5 parts by weight tend to reduce toughness and, 
55 th refore. improvem nt in th impact strength also tends to deer ase. 

The diaminodiph nylsulfone compound (hereinafter abbr viated as DDS) used in the present invention 
can be represented by the following formula: 
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Examples of the DDS include 3.3'-diaminodiphenylsulfone. 3,4'.diaminodiphenylsulfone and 4.4'-dia- 
minodiphenylsulfone. The DDS is used as fine particles having a size preferably of from 1 to 50 urn. and 

"T,t7-™o™ro,de, to p,*n, o, sl-Hlfe « c».p.s«» whicj . . 

mixture of components (A). (B) and DDS or is in a form of prepreg thereof the activity of the cro^s^^^^^ 
^activity (or curing function) of the DDS is prevented or protected until the composition is subjected to 

'"°T?hrp''reS invention DDS should be prevented from reacting with the epoxy resin tridimensionally to 
form a cured epoxy resin by cross linking. Proceeding of a unidimensional reaction by which a 
tridimensional molecular structure as in the molecules of a cured epoxy resin does not form) of the DDS 
and the epoxy resin to form a linear compound is permitted. ^ ^ * u nnc 

Such desired effect can be attained by adhering fine resin particles on the surface of each DDS 
DBrticle The resin particles may be adhered to the surface separately from each other, may form a net- 
woric structure, or may form a layer on the surface of the DDS particle, which layer may be continuous or 
non-continuous, or porous or non-porous, so long as the molten DDS can flow out through the spa^s 
among the resin particles, through the pores or through the non^^ontinuous portion of the layer, and/or the 
DDS particles can be exposed due to melting or destruction of the covering comprising the resin particles, 
under the conditions (pressure and/or temperature) of molding or curing. 

In the present invention DDS particles are coated with a resin having less or no reactivity to epoxy 
resin in order to prevent reaction of the DDS with an epoxy resin. 

The size of the resin particles is less than the size of the DDS particles. A preferred particle size of the 
resin particles is from 1/3 to 1/100 of that of the DDS particles, and it is usually from 0.1 to 5 urn. 

The molding of the composition is usually conducted at a temperature of from about 90 to 200 -C and a 
pressure of from about 1 to 5 kgf/cm^. The curing temperature is usually from about 170 to 200 'C. The 
resin which can be used for coating may be selected from those which melt or of which covenng is 
destroyed at the molding temperature and/or under the molding pressure, or at the curing temperature. 

The resin used for the coating of the DDS particles is selected from thermoplastic resins or 
thermosetting resins. Illustrative examples of resins which can be used for coating in the present invention 
Include polyamlde resin, modified urea resin, cured melamine resin, polyolefin. polyparaffin (including 
modified products) and the like. 

When the resin covering has a structure through which the molten DDS is able to flow out. the type of 
the resin can be selected from resins which do not melt or those of which the covering may not be 
destroyed under the above-descrit>ed conditions. 

These coating resins may be used alone or as a mixture of two or more of them. Altematively, two or 
more types of DDS particles which are coated using different coating resins may be used in the resin 
composition of the present invention. 

Adhesion of particles on the surface of the DDS particle can be carried out by conducting a solution 
polymerization in a liquid dispersion of the DDS particles so that polymer particles are formed on the 
surface of the DDS particles, or by curing a resin in a resin solution or emulsion wherein the DDS particles 
are dispersed to form cured resin particles on the surface of the DDS particles. The method which is 
disclosed in detail in JP-A-3-4932 and JP-A-3-238030 can be preferably used for production of component 
(C) of the present invention. In this method DDS particles, and an amino compound/formaldelhyde primary 
polycondensation product are dispersed in an aqueous solution of a water soluble polymer to form an 
emusion. By heating the emusion while stirring the polycondensation reaction is proceeded to deposite the 
polycondensation product on the surface of the DDS particles as fine particles to coat the surface of the 
DDS surface. Further, adhesion of the resin particles or forming of a resin film on the surface of the DDS 
particles can be can-led out by a dry method in which the DDS particles and the resin particles for adhering 
thereto or for forming film thereon are mixed using a high speed mixer or the like to adhere the particles of 
coating resin lextrostatically on the surface of the DDS particles, and then the resin particles are firmly 
adhered on the surface of DDS particles by heat-melting the resin or the resin particles are made into a film 
form by heat-melting the resin. These methods may b selected properiy dep nding on the properties of 
the coating resin and the particle size desired. 
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25 


m order to gain good composite characteristics, it Is desirable to coat the coating resin uniformly and 
thinly on the surface of the DDS particles. For this purpose, the coating resin may Prjerably b used m an 
amVunt ranging from 5 to 20% by weight, more preferably from 10 to 15% by weight based on th weight 

5 '*''linTe^S^S^^^ the epoxy resin with the curing agent hardly or does not progress at r^m 
temperature, the resin composition of the present invention has a longer shelf^l.fe (about twice) th^ o^^a 
S composition In which DDS Is used as a curing agent without coating it by a coating ^^^m^ V^me^^^^^^ 
es in romposition of the present Invention is subjected to molding or curing the DDS compound sta^^^^ 
react with the epoxy resin when the temperature reaches about 170-C or higher, thereby resulting in the 

" ^""£r c^^^^^^^^^^^ accelarators may be added to the composition in such amounts that the 

shelf-life of the composition and the physical properties of the composite obtained therefrom are not altered 
by the addition of such agents. It is preferred that the amount of such agents or accelerator is not more 
thamopartsby weight per 100 parts by weight of component (A). , ^ , 

Examples of such epoxy resin^uring agents include aromatic amines such as metaphenylenediamine. 
diaminodiphenylmethane and the like; acid anhydrides such as phthalic anhydride, trime Irtic anhydnde. 
pyromellitic anhydride and the like; boron trifluoride complex salts such as BF3 monoethylamine. BF3 
benzylamine and the like; and imidazoles such as a-ethyM-methyl imidazole. 2^thyl 'midazde. 2 4- 
dimethyl Imidazole. 2-phenyl imidazole and the like. Urea compounds (3-[3.4-dichlorophenyl].1.1 -dimethyl 
urea and the like) and organic metal salts (Co(lll) acetyl acetonate and the like) may also be used jointly 

The DDS as an epoxy resin-curing agent is used in an epoxy equivalent/amine equivalent ratio of 1/1 in 
theory but. taking the mechanical properties and the water absorption coefficiency of the resulting cured 
product into consideration, the DDS may be used generally within the equivalent ratio of 1/(0.6 to 1.3). 

preferably 1/(0.8 to 1). . . . ^ * * . »• 

In addition to the aforementioned essential components, the resin composition of the present invention 
may further contain rubber components (for example, a carboxyl-terminated butadiene/acrylonitnle 
copolymer, nitrlle rubber, epoxy-modified polybutadiene rubber and the like) in small amounts so that the 
thermal resistance of the composition is not reduced and fillers (silica powder and the like for example) in 
such amounts that handling of the resulting prepreg does not worsen, as well as flame retardants such as 
30 antimony trioxide. coloring agents and the. like. From a handling point of view, the resin composition of the 
present invention may also contain small amounts of a modified acrylic polymer (MODAFLOW manufac- 
tured by Monsanto Co.. for example) as a flowability regulating agent and silicone resin, silicone oil. 
vaseline or the like as a water repellent. These substance are added in a total amount preferably of not 
more than 10 parts by weight per 100 parts by weight of component (A). 
36 The resin composition of the present Invention may be prepared, for instance. In accordance with the 
following illustrative procedure. 

Each of the components is sudjected to heat kneading using a kneading machine preferably in an inert 
gas atmosphere. The heating temperature in this instance is set to a level lower than the curing initiation 
temperature of the epoxy resin used. In general, the ingredients of component (A) are firstly mixed 
40 uniformly at a temperature of from 20 to 90*C when component (A) comprises two or more epoxy resins, 
preferably from 40 to 90 •C. Component (A) is mixed with components (B) and (C) to form a uniform 
mixture at a temperature of from 20 to 90 'C. In this instance, component (B) may be used in a finely 
powdered form preferably having a particle size of from 1 to 50 wm, more preferably from 1 to 20 ixm, so 
that component (B) can be dispersed uniformly and preparation of the resin composition can be canied out 
45 smoothly. In this manner, a resin composition can be prepared in which a thermoplastic resin component is 
blended to a high level of about 40 parts by weight per 100 parts by weight of the epoxy resin. However, 
blending of the thermoplastic resin component to a higher level than 40 parts by weight usually is not 
preferable because the viscosity of the composition becomes too high which leads to difficulty in kneading 
the components. 

50 The resin composition of the present invention is suitable for use to produce a molded product. 

especially, containing fibers as reinforcement. 

Examples of fiber reinforcement which are preferably used in the present Invention include carbon fiber. 

glass fiber, aromatic polyamide fiber and the like, which may be used alone or in combination. For the 

purpose of Improving the mechanical properties of a composite, it Is preferable to use so-called "high 
55 strength medium modulus of elasticity carbon fibers" which have a t nsile strength of 400 kgf/mm^ or more 

and a modulus of elasticity of 30 x 10^ kgf/mm^ or more. The modulus of elasticity is preferably not more 

than 40 x 103 Kgf/mm*. 
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The length of the carbon fiber usually is from 5 to 70 mm. or th carbon fib r may b 
fiber reinforcement may be in the torn, of a texti! . a unidir ctional par^lel yarn produc^. <;J0PP^^^^^ 
the like. Th fib r reinforc m nt generally has a diameter of from 1 to 20 um. preferably from 5 to 7 urn^ 
iie pr ferable amount of the fiber r inforcement is from 5 to 70% by volum . and pr ferably from 55 to 
65% by volume, based on the volume of the composition. Carbon fibers which are coated with a metal such 
as Ni Al Cu Zn. Pb. Su. Au. Ag may also be used in the present invention. 

n Se process of th; present invention, a prepreg for production of a molding is generally Prepared 
impregnating the resin composition of the present invention into a fiber reinforcement, which Prefe^Wy is 
effected by a conventional hot melt method. This method is carried out by ^'^^J^^^ '^^'^^"^^^^^ 
Z placing fibers thereon, and hot-pressing the thus obtained assembly. This method is descnbed more in 
detail, for example, in U.S. Patents 4.714.648. 4.482.660. and 4.309.473. 

The prepreg containing the fiber obtained by such a process has excellent qualities. The prepreg is 
subjected to molding and curing, usually using a hot-press method or an autoclave method The hot-press 
method is usually conducted at a temperature of from about 90 to 200 -C and a pressure of from about 1 to 
5 kgf/cm2 for about 1 to 3 hours. ^ . 

Since the resin composition of the present invention is preferably prepared by unifomily dispersing the 
component (B) thermoplastic resin in the component (A) epoxy resin, not only it is possible to prepare a 
prepreg by the conventional hot melt method, but also it is possible to prepare an excellent resin 
composition for a prepreg having a prolonged shelf life. The product obtained from the prepreg does not 
raise problems due to remaining solvent and has both the excellent thermal stability inherent to the epoxy 
resin and the toughness and impact strength inherent to the thermoplastic resin without decreasing the 
mechanical characteristics thereof. ^ ^ *u k 

Though the reason is not known, a composite having excellent toughness and impact strength can be 
obtained when DDS particles are coated and used as a curing agent of a resin composition comprising 
components (A) and (B). Such effects are superior to the case of a separate mixing of the DDS particles 
with the coating resin without coating it on the DDS particles. 

Examples of the present invention are given below by way of illustration and not by way of limitation. 

Examples 1 to 6 and Comparative Example 1 

Ingredients of the main component (A) which are shown in Table 1 were mixed uniformly at 60-C for 5 
minutes in mixing ratios which are also shown in Table 1. To component (A) were then added components 
(B) and (C). and the resulting mixture was stirred at 60*C for 15 minutes using an agitator to obtain a resin 
composition for prepreg use. In this instance, each coating resin shown in Table 1 was used in an amount 
of 10% by weight based on the weight of diaminodiphenylsulfone used as the component (C). 

Component (C) which was used in Examples 1 and 6 was prepared by the following method: 

100 parts by weight of DDS particles having a size of from 10 to 30 um and 10 parts by weight of 
Nylon 12 particles having a size of 1 um were mixed In a high-speed mixer at a room temperature for 1 
hour. The Nylon particles were adhered uniformly on the surface of the DDS particles electrostatically. The 
DDS particles having the Nylon 12 particles thereon were dispersed on a plastic sheet in such a manner 
that the DDS particles do not contact each other. Thus dispersed particles were placed in a thermostatic 
bath which was controlled to 170* C and heated the particles for 30 minutes to melt and finnly adhere the 
Nylon 12 particles on the surface of the DDS particles. 

Component (C) which was used in Examples 2 to 5 was prepared by the following method. 

30 parts by weight of 3% by weight of an aqueous solution of a naphthalene sulfonic acid/formaldehyde 
condensation product and 120 parts by weight of 3% by weight of an aqueous solution of ethylene/maleic 
anhydride copolymer (average molecular weight: 80.000; as sodium salt) were mixed, and then DDS 
particles having particle sizes of 10 to 30 um were dispersed into the mixture. The pH of the dispersion was 
adjusted to 5.0. Then the mixture was further subjected to mixing using a homomixer at 10.000 rpm. 

A melamine/formaldehyde primary polycondensation was prepared using 20 parts by weight of 37% 
formalin and 8 parts by weight of melamine. The primary polycondensation product was added to the 
above-described dispersion. The thus obtained mixture was then subjected to proceed a polycondensation 
reaction at 60 • C for 3 hours while stining at 250 rpm. 

The pH of the thus obtain d r action mixture was adjusted to 4.0 and tti" reaction was further continued 
at 80* C for 2 hours. Particles coated witti cur d melamine r sin thus obtained were recover d by filtering 
and washed with isopropyl alcohol. After then the particles were dried by air at 100' C for 60 minutes to 
obtain component (C). 
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A resin film having a 30 um thickness was prepared from the thus obtained resin composition using a 
film coater at 70 'C. Cartx)n fibers (BESFIGHT IM-600 manufactur d by Toho Rayon Co.. Ltd.; tensile 
strength: 600 kgf/mm^; modulus of elasticity: 30 x 10^ kgf/mm^; diameter: 5 um) wer arranged in one 
direction on the thus prepared resin film, and impr gnation was effected continuously by hot-roll r at 80*C 

5 under a pressure of 1 kg/cm^ and at a speed of 3 m/min. In this way, a unidirectional prepreg containing 
carbon fiber in an amount of 145 g/m^ and a resin content of 34% by weight was obtained. 

A predetermined number of sheets were cut out from the thus obtained prepreg, 32 sheets or 8 sheets 
were laminated to one another and then subjected to autoclave molding at 180* C under 5 kg/cm^ for 2 
hours to obtain a heat-cured molded plate. Thereafter, test pieces were cut out from the molded plate in 

70 order to measure the glass transition temperature thereof, compressive strength after 1500 In-lb/in impact 
(using the test piece compound of 32 sheets of prepreg). 0 * compressive strength (compression strength in 
the same direction as that of the fibers - using the 8 sheets prepreg) under moist and warm conditions 
(tested at 82 • C after immersing the test piece in warm water of 71 • C for 2 weeks), and the gel time (at 
180*C) of the prepreg just after Its preparation and after 2 months of storage at room temperature. The 

75 results are shown in Table 1. 

In Comparative Example 1. a prepreg was prepared and its molded product was checked for its 
physical properties in the same manner as described above, except that component (B) was not used, with 
the results also shown in Table 1. 

20 COMPARATIVE EXAMPLES 2 TO 4 

Unidirectional prepregs were prepared and their properties were checked in the same manner as 
described above, except that 4,4*-diaminodiphenylsulfone which was not coated with a coating resin was 
used as the component (C). The results are shown in Table 1. 

^ COMPARATIVE EXAMPLE 5 

A unidirectional prepreg was prepared and its properties were checked in the same manner as 
described above, encapusulated except that 4,4'-diaminodiphenylsulfone which was not coated with a 
30 coating resin was used as component (C) and a cured melamlne resin was also used in the resin 
composition by unifomily dispersing thereto. The results are shown in Table 1. 


35 


40 


45 


50 


55 


13 


EP0 493 786 B1 


o o 
m n 


o 1 t 


CM I m 


X 

> 


o o I o 
mm cs 


o o I o 
in m CN 


in m 1 


o I I 


r-l I 

CM 


CM I 1 

cn 


70 


J5 


a 

O 


o o o I 
m ro CN 


o o o I 
in CO rsi 


t I I 


I I CM r I 

cn 


in 


I I 1 


O O I o 

in n CM 


1 I 


o 

CM 


1 I I 


20 


in in t 

\0 CM 


t I 


in 


25 


30 


D 
H 

X f 


O O I o 

in n CM 


in in I 


o I I 

cn 


in 


o 

CO 


in 


I t 1 


o o I o 
in n CM 


o I I 
m 


in 
cn 


35 


40 


45 


50 


CM 

r- 
I 

< s: 


00 
CM 


o 
o 


C x> x> 

JJ W O O 

<0 C r-l ^ ^ 

M O <a -H -H 

0> E < H U 

C O 

X 


o 
c 

01 
Oi 

« 

•o 

o 

•H 

(u 

o 

£ 

c c 
x: w 


0) 

c 
o 


P5 in 

^ u u 

Q) O 

JZ JZ 

C JJ 4J 

0 O 03 

c >, >, 

O i-l i-l 

Dj O O 

£ a« a. 

o 

o 


z 


C-H 

-H 0) 
•O 4J 
O <0 

'-co 

£ ---- 
rO CM 

c a c 

O IOC 
C - u-i o 
O %r «H iH 

a ^ =3 >i 


£ 
O 

u 


r-l J= 

C -H 
01 ^ 

x: 

•H 0> 

•o ^ 

0 r9 

c o 
^ o 
£ — 
0) 
0) C 

Q 

1 O £ 

- U-l CO 
■C i-l i-t 
3 QJ 


0) 10 

C V 

O M 

r-l 
3 

m >t 

rH J3 

C 0) 

O £ 
SI 


o 
c 

£ 

O 
I 


C 

o 

JZ 

a 
o 

Ui 

O 

r^ 

o 


^ CO c ^ cn £ 


c 

•H 
(Q 
0; 
U 

0) 

c 
£ 

r-l 


55 


14 


EP 0 493 786 B1 


(0 
X 

pa 

o 
> 

s 

E 
O 


C 
0 

o 


0) 


o 
E 


tn 

CO 


CO 
00 


in 

00 


o 


O VD in (N 


o 


in 
cn 


cn 


00 

rn 


o <N 


o r- 


^ vo n 


IN VO to 

H 


in cn vD in 

n CM r-l iH 

H 


IN in o\ xo 


o r* in 


CO 


tn 


0) 
0) 

ta 


jj 
m 
c 

10 


o 

o 
o 

CO 

I 

o 


<N 


fO o 


V 

U-l 
<0 

x: 

cn 
c 

M 


4c 


c 

Q) 


M 

0) 
XI 

0) 
E 

o 

nj 
u 

CP 

c 

•ri 

c 
s: 
<o 
u 

CO 


u 

VI 

04 


10 

u 

-4 
01 

>« 


<o * 
C9e 


j; e e 


o 


I 

c 


in 


4J 


U4 

CP 


0} 
0) 


CM 

o 

U 

0) 

% 

O 

x: 

H 

c 

c 
o 

u 


JJ 

04 


CO 



•H 






tn 

> 

(d 


« 


0) 



(0 « 

u 

o 



i- 

6 

6 

O JJ 



•H 

V4 O 

0 

.4J 

JJ 







f-l 

rH 

Q 6 

0 

0) 



o 


O 


0) 
JJ 


CM 


c 
o 

JJ 
to 

<0 

o* 

U 
O* 

cn 
I-l 

a 

Q) 
JJ 
«U 

CO 


(0 
3 


0} 

u 
:i 
JJ 
«o 
u 

01 

JJ 

g 
o 

Wi 


0) 

cn 

(0 
O 


u-t 
O 

JJ 
c 
o 


CO 

04 


o 
o 

03 
ID 
Oi 

u 

Qt 
X 
0) 

0) 
M 
<0 


UJ ^ 


o a 

O 0 

o o 

CO CO 


JJ CQ ^ OJ 

C n (Q 

2 -O J ^ 

IM JJ oj JJ 

uj a tn n 


40 


(0 


0 


<0 
M 


-a 

M H □ 

3 .2 
to «o * 

0) 01 

CM 


m 


On the basis of these results, it was confirmed that the prepregs obtained In Examples 1 to 6 had 
longer shelf-lives and th resulting composites had excellent thermal and m chanical characteristics and 
Impact strength, as w II as their longer shelf-lives, in comparison with those obtained in the Comparative 
Examples. 
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The resin composition of the present invention is capabi of supplying a composrt xce^^^n 
impart str ngth without d teporating other mechanical characteristics, mcluding thermal r s.stanc . and .t 
iZ an xt nd d shelf-life in spKe of th use of a diaminodiphenylsulfone as a cunng agent 

aaims 

1. A resin composition which comprises: 

iSTtSSS^ resin selected from the group consisting of polyether irnide. PolY^*^^^^^ 
polysulfone. polycarbonate, polyetherether ketone, polyamide. and a mixture of two or more of 

rcnartrclas of a diaminodiphenylsulfone compound whose cross-linking reactivity v^ith the e^^^^^^^ 
resin ts prevented until the resin composition is subjected to molding or cunng « by ^e^n Part^cl^^^ 
adhered on the surface of the diaminodiphenylsulfone particles or (ii) by a resin film coated thereon^ 
the resin forming said resin particles or resin film being a polyamide. a modified urea resin, a cured 
melamine resin, a polyolefin. a paraffin, a modified paraffin or a mixture of two or more of these. 

2 The resin composition as claimed in claim 1. wherein the epoxy resin is selected from the group 
consisting of glycidylamine epoxy resins, bisphenol epoxy resins, novolak epoxy resins, urethane- 
modified bisphenol A epoxy resins, alicyclic epoxy resins, and a mixture of two or more of these. 

3. The resin composition as claimed in claim 1. wherein the amount of component (B) is from 5 to 40 
parts by weight per 100 parts by weight of component (A). 

4 The resin composition as claimed in claim 1. wherein the diaminodiphenylsulfone compound is 3.3'- 
diaminodiphenyl sulfone. 3.4'-diamlnodiphenyl sulfone or 4.4'^iaminodiphenyl sulfone. 

5. The resin composition as claimed in claim 1. wherein the amount of the diaminodiphenylsulfone 
compound is used In an epoxy equivalent/amlne equivalent ratio of 1/(0.6 to 1.3). 

6. The resin composition as claimed in claim 1. wherein the amount of the coating agent is from 5 to 20% 
by weight based on the weight of the diaminodiphenylsulfone compound. 

7. The resin composition as claimed in claim 1. wherein the coating resin coating melts or Is destroyed at 
from 90 to 200 • C. under a pressure of from 1 to 5 kgf/cm^. or at from 90 to 200 • C and under pressure 
of from 1 to 5 kgf/cm^. 

8. The resin composition as claimed in claim 1. wherein the diaminodiohenylsulfone compound particle 
has a size of from 1 to 50 um. 

9. The resin composition as claimed in claim 1 , wherein the composition contains a fiber reinforcement. 

10. The resin composition as claimed in claim 9. wherein the fiber reinforcement is selected from the group 
consisting of carbon fiber, glass fiber and aromatic polyamide fiber. 

11. The resin composition as claimed in claim,9, wherein the amount of the fiber reinforcement is from 5 to 
70% by volume based on the volume of the composition. 

12. The resin composition as claimed in claim 1. wherein the resin particles are adhered onto the 
diaminodiphenylsulfone particles (i) separately from each other; (10 to form a network structure: or (iii) to 
form continuous, non-continuous, porous or non-porous layer. 

13. A method for producing a resin composition which comprises mixing: 

(A) an epoxy resin. 

(B) a th rmoplastic resin sei cted from th group consisting of poly ther imide. polyether sulfone. 
polysulfone. polycarbonate, polyetherether ketone, polyamide, and a mixture of two or more of 
these: and 
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(C) partici s of a diaminodiphenylsulfone compound whose cross-linking r activity with the poxy 
resin is pr v nted until th r sin composition is subj cted to molding or curing (i) by r sin particl s 
adh red on the surface of th diaminodiph nylsulfone particl s or (ii) by a resin film coated thereon: 
the r sin forming said resin particles or r sin film being a polyamide, a modifi d urea r sin. a cur d 
melamine resin, a polyolefin. a paraffin, a modified paraffin or a mixture of two or more of these. 

14 A method for producing a resin composition as claimed in claim 13. wherein a fiber reinforcement is 
Impregnated with a mixture of components (A). (B) and (C) by a hot-melt method. 

15. A method for producing a resin composition as claimed in claim 14, wherein the mixture is in the form 
of a film and the impregnation is conducted by hot-pressing. 

PatentansprUche 

1. Harzzusammensetzung, die 

(A) ein Epoxyharz. ^ , ,^ _ , 

(B) ein themioplastisches Harz. das aus der aus Polyetherimid. Polyethersulfon. Polysulfon. Polycar- 
bonat. Polyetheretherketon. Polyamid und einer Mischung aus zwel Oder mehreren der genannten 
bestehenden Gruppen ausgewahit ist. und , . . « ^ 

(C) Teilchen aus einer Diamlnodiphenylsulfon-Verbindung. deren vernetzende Reaktivitat zu dem 
Epoxyharz (i) durch an der OberflSche der Diaminodiphenylsulfonteilchen haftende Harzteilchen Oder 
(ii) durch einen HarzfllmUberzug an diesen verhindert wird. bis die Harzzusammensetzung einem 
Formen Oder Harten unterworfen wird; wobei das Harz. das die Harzteilchen oder den Harzfilm 
bildet. ein Polyamid. ein modifiziertes Hamstoffharz. ein gehSrtetes Melamlnharz. ein Polyolefin. em 
Paraffin, ein modifiziertes Paraffin oder eine Mischung aus zwei oder mehreren der genannten ist. 

enthalt. 

2. Harzzusammensetzung nach Anspruch 1 , in der das Epoxyharz aus der aus Glycidylamin-Epoxyharzen. 
Bisphenol-Epoxyharzen. Novolalt-Epoxyharzen, Urethanmodifizierten Bisphenol A-Epoxyharzen. alicycli- 
schen Epoxyharzen und Mischungen von zwei oder mehreren der genannten bestehenden Gruppe 
ausgewShIt Ist. 

a Harzzusammensetzung nach Anspruch 1, in der die Menge der Komponente (B) 5 bis 40 Gewichtsteile 
pro 100 Gewichtsteile der Komponente (A) t>etrMgt. 

4. Harzzusammensetzung nach Anspruch 1. in der die Diamindiphenylsulfon-Verbindung 3.3'-Diamindi- 
phenylsulfon. 3.4'-Diamindiphenylsulfon oder 4,4'-Diaminodiphenylsulfon Ist. 

5. Harzzusammensetzung nach Anspruch 1. in der die Menge der Diaminodiphenylsulfon-Verbindung in 
einem EpoxySquivalenVAminaquivalent-VerhSltnis von 1/(0.6 bis 1.3) eingesetzt wird. 

6. Harzzusammensetzung nach Anspruch 1. in der die Menge des Oberzugsagenzes 5 bis 20 Gew.%. 
t>ezogen auf das Gewicht der Diaminodiphenylsulfon-Verbindung. ist. 

7. Harzzusammensetzung nach Anspruch 1. in der der beschichtende HarzUberzug unter einem Druck 
von 1 bis 5 kgf/cm^ zwischen 90 und 200 schmilzt oder zerstort wird. 

a Harzzusammensetzung nach Anspruch 1. in der das Teilchen der Diaminodiphenylsulfon-Verblndung 
eine Gr5Be zwischen 1 und 50 um hat. 

9. Harzzusammensetzung nach Anspruch 1 . wobei die Zusammensetzung eine FaserverstSrkung enthSIt, 

10. Harzzusammensetzung nach Anspruch 9. in der die Faserverstarkung aus der aus Kohlenstoffaser. 
Glasfaser und Faser aus aromatischem Polyamid bestehenden Gruppe ausgewShlt ist. 

11. HarzzusammenseUung nach Anspruch 9, in der die Menge der Faserv rstSrkung 5 bis 70 Vol%. 
bezogen auf das Volum n der Zusammensetzung. ist. 
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12. Harzzusammensetzung nach Anspruch 1. in der die Harzteilchen (i) getrennt vonemander; (iO umer 
Bildung einer Netzstruklur; od r fiii) unt r Bildung ein r kontinui rlich n. nichMcontinuieilich n. pords n 
Oder nicht-porSsen Schicht an den DiaminodlphenylsuHon-Teilchen hatten. 

13. Verfahren zur Herstellung einer Harzzusammensetzung. das ein Vermischen 

IS^n^s^ther^^^^^ Harzes. das aus der aus Polyetherimid. Polyethersulfon. Polysulfon. 

Polycarbonat. Polyetheretherketon. Polyamid und einer Mischung aus zwei Oder mehreren der 
genannten bestehenden Gruppen ausgewahit ist; und 

(C) Teilchen aus einer Diaminodiphenylsulfon-Verbindung. deren vemetzende Reaktivit&t zu dem 
Epoxyharz (i) durch an der Oberflache der Diaminodiphenylsulfonteilchen haftende Harzteilchen Oder 
(ii) durch einen HarzfiimOberzug an diesen verhindert wird. bis die Harzzusammensetzung einem 
Formen oder Harten unterworfen wird; wobel das Harz. das die Harzteilchen oder den Harzfilm 
bildet ein Polyamid, ein modifiziertes Harnstoffharz. ein gehSrtetes Melamlnharz. ein Polyolefin. em 
Paraffin, ein modifiziertes Paraffin oder eine Mischung aus zwei oder mehreren der genannten ist: 
umfafit. 

14 Verfahren zur Herstellung einer Harzzusammensetzung nach Anspruch 13. in dem eine Faserverstar- 
' kung mit einem Gemisch der Komppnenten (A). (B) und (C) nach einem HeiBschmelzverfahren 
imprSgniert wird. 

15. Verfahren zur Herstellung einer Harzzusammensetzung nach Anspruch 14. wobei das Gemisch in Form 
eines Rim vorliegt und das ImprSgnieren durch HeiBpressen durchgefUhrt wird. 

Revendicatlons 

1. Composition de r^sine qui comprend : 

(A) une r^sine 6poxy. 

(B) une r^sine thermoplastique cholsie dans te groupe constitu6 de poly^therlmlde, polyethersulfone. 
polysulfone. polycarbonate. poly^ther6therc6tone. polyamide et un melange de deux d'entre elles ou 
plus; et 

(C) des particufes d'un compost diamlnodiph^nylsulfone dont la r^activit^ de reticulation avec la 
r^sine ^poxy est masqu^e jusqu*^ ce que la composition de r6stne est soumise au moulage ou au 
durcissement (i) par des particuies de r6sine qui adhferent ^ la surface des partlcules de diaminodi- 
ph6nylsulfone ou (ii) par un film de r4sine qui est d^pos^ sur elles ; la r^sine formant lesdites 
particuies de r^slne ou le film de r4sine 6tant un polyamide. une r^sine ur§e modifi6e, une r6sine 
mdlamine durcle. une polyol^fine. une paraffine, une parafflne modifi6e ou un melange de deux ou 
plusieurs de ces produits. ' . 

2. Composition de r§sine selon la revendication 1, oO la r^sine 6poxy est choisie dans le groupe constitu4 
des r^sines 6poxy glycidylamlne. r^sines 6poxy bisph^nol. r^sines ^poxy novolaque. r^sines 6poxy 
bisph^nol A ur^thannemodifj^es, et r^sines 6poxy alicycllques, et un melange de deux ou plusieurs de 
ces r^sines. 

3. Composition de r^sine selon la revendication 1, oO la quantity de composant (B) est de 5 ^ 40 parties 
en poids pour 100 parties en poids de composant (A). 

4. Composition de r^sine selon la revendication 1. oO le compost diaminodiph^nylsulfone est 3.3'- 
diaminodiph^nylsulfone, 3.4'-diaminodiph6nylsulfone ou 4.4'-diaminodlph6nylsulf6ne. 

5. Composition de r^sine selon la revendication 1. oO la quantity de compost diaminodiph^nylsulfone est 
utilis^e en une proportion Equivalent 6poxy/6quivaIent amine de 1/(0,6 i 1,3). 

6. Composition d r^sine selon la r v ndication 1, ou la quantity de I'agent de rev§tement est comprise 
entr 5 et 20 % n poids par rapport au poids du compos6 de diaminodiph^nylsulfone. 

7. Composition de r^sine selon la revendication 1, oQ le r v§tement de rfisine de revStement fond ou st 
d^tmit entre 90 et 200 'C. sous une pression de 1 Si 5 kgf/cm^. ou entre 90 et 200 'C et sous une 
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pression d lis kgf/cm^. 

a Composition de r^sine selon la revendication 1. ou la particul compos6 de diaminodiph6nylsulfone 

a une taill de 1 & 50 um. 
9. Composition de r^sine selon la revendication 1 , oO la composition contient un renfort de fibre. 

10 composition de r6sine selon la revendication 9. oC le renfort de fibre est choisi dans le groupe 
■ constitu6 de fibre de carbone. fibre de verte et fibre de polyamide aromatique. 

11. composition de r6sine selon la revendication 9. oC. la quantity de fibre de renfort reprSsente de 5 k 70 
% en volume par rapport au volume de la composition. 

11 composition de r^sine selon la revendication 1. oQ les particules de r6sine adh^rant a"x ParticiHes de 
diaminodiph§nylsulfone (i) s6par6es I'une de I'autre : (ii) de fagon h former une structure en filet . ou 
(iii) de fason h former une couche continue, non continue, poreuse ou non poreuse. 

13. Proc6d« de production d'une composition de r6sine qui comprend de mdlanger : 

(B) une Se Soplastique choisie dans le groupe constitu6 de poly6therimide. poly6thersulfone. 
polysulfone. polycarbonate. poly6ther6therc6tone. polyamide et un melange de deux d'entre elles ou 

rcf d'es* particules d'un compos6 diaminodiph^nylsulfone dont la r^activit^ de reticulation avec la 
r^sine 6poxy est masqu6e jusqu'S ce que la composition de rfisine est soumise au moulage ou au 
26 durcissement (i) par des particules de r^sine qui adherent h la surface des particules de diammodi- 

phfinylsulfone ou C") par un film de r^sine qui est d6pos6 sur elles : la r6sine formant lesdites 
particules de r^sine ou le film de r6sine 6tant un polyamide. une r^sine ur6e modifi6e. une r#sine 
m6lamine durcie. une polyol6fine. une paraffine. une paraffine modifi6e ou un melange de deux ou 
plusieurs de ces prodults. 

30 

14. Proc6d6 de production d'une composition de r^sine selon la revendication 13, oO un renfort de fibre est 
' impr§gn6 d'un melange de composants (A). (B) et (C) par un proc^d^ de fusion k chaud. 

15. Proc6d6 de production d'une corhpositlon de r^slne selon la revendication 14. oCi le melange est sous 
35 forme d'un film et on realise I'impr^gnation par pressage ^ chaud. 
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